Virus-2. Tohoku J. exp. Med., 1979, 129 (4), 389-404 -No significant changes in the structure of the liver were seen until 9 hr after the inoculation of mouse hepatitis virus-2 (MHV-2) into mice. At the 24 hr stage, distinct swelling of hepatocytes and narrowing of sinusoidal lumina were observed from the middle to the central area of the hepatic lobules. Most of the Kupffer cells were swollen. Their villous projections were decreased in number, and the remaining projections became like blebs.
RESULTS
Most mice died 60 to 96 hr after inoculation of MHV-2. None of them could survive over 120 hr after inoculation. No significant changes were observed by SEM, TEM and LM until 9 hr after inoculation. 24 hr after inoculation,. At this stage, a number of hepatocytes were swollen like balloons (Fig. 1) , whereas hepatocytes in normal mice showed a polyhedral outline (Fig. 2) . The Kupffer cells were also swollen . The sinusoidal lumina were remarkably narrowed, and occasionally obstructed , because of the swelling of hepatocytes and Kupffer cells . The villous projections of the Kupffer cells were decreased in number. Some remaining projections became like blebs (Figs . 3 and 4). Virus particles, about 100 nm in diameter , were observed in hepatocytes, the Kupffer cells, the space of Disse, and in the intercellular recesses by TEM (Figs. 5 and 6 ). By SEM, the particles were found on the surface of hepatocytes facing to the intercellular recesses (Fig . 7) . The bile canaliculi between the swol len hepatocytes were irregularly dilated . Microvilli of the bile canaliculi were shortened in length and decreased in number (Fig . 8 Concerning the Kupffer cell, the villous projections were decreased in number as the first stage of the change 24 hr after the inoculation of MHV-2. A few remaining projections were shortened in length, and became like blebs. Finally, they withered. Such findings were also observed on the cultured cells infected by various kinds of virus through the SEM studies (Porter et al. 1973 ; Panem and Kirsten 1974; Ambros et al. 1975; Czajkowski and Heneen 1977) . The projections of the peritoneal macrophages have been known to become longer by stimulation with triolein (Carr 1967 ). On the other hand, it was reported that the projections of the Kupffer cells disappeared by blockade with colloidal carbon (Satodate et al. 1977) . The changes of the projections of the Kupffer cells, observed in the present study, have been concluded to reveal a degenerative process. It has also been suggested from the study by the carbon clearance method that the phagocytic activity is decreased by the infection of MHV-2 (Hatakeyama 1977) .
The changes of the hepatocytes were revealed concomitantly with the appearance of virus particles. The first change was swelling of the hepatocytes. Then, the hepatocellular plate was broken up into cells . Each separate hepatocyte became round, and the characteristic form of polyhedra found in normal hepatocytes was lost. The microvilli became atrophic on their surface facing to the space of Disse. The Councilman-like bodies were seen in such degenerative hepatocytes . The Councilman-like bodies were also found in the Kupffer cells . Concerning the origin of the Cuncilman-like body, there have been the following three different reports: It is originally produced in (1) the Kupffer cell (Ruebner and Miyai 1962; Smetana 1962), (2) the hepatocyte (Mallory 1947; Klion and Schaffner 1966) , and (3) both the Kupffer cell and the hepatocyte (Ruebner et al . 1967 ). However, the occurrence of the Councihnan-like bodies in the Kupffer cells was much rarer than in the hepatocytes in the present study . In hepatocytes, the bodies were recognized as an aggregation of degenerating organelles . However, they were observed in the phagosome , when they appeared in the Kupffer cells.
Therefore, the Councihnan-like bodies in the Kupffer cells are considered to be phagocytosed after released from the hepatocytes to the sinusoids, as described by Nakazawa (1974) .
From 48 hr after inoculation, necrotic foci were seen close to the central vein . Itoshima et al. 1974 ). The larger fenestrations of the endothelial cells were found more often in the central area than in the periphery of the lobule in the guinea pig (Itoshima et al. 1974 ). Therefore, the noxae and germs may easily reach the hepatocytes in the central area through the larger fenestrations. However, no difference was seen in the distribution of the endothelial fenestrations in mice as described already in the previous report (Oikawa 1979 The in vivo microscopical study showed that swelling of the hepatocytes caused the circulatory disturbance in CC14 intoxication. In addition to the direct damage with CC14, hypoxia caused by the circulatory disturbance enhanced hepatic necrosis. In the present study, narrowing of the sinusoidal lumina by swelling of the hepatocytes was more remarkable in the central and the middle area than in the peripheral area. Furthermore, there were also seen swelling of the Kupffer cells and adhesion of erythrocytes to the Kupffer cells. It is thought, in conclusion, that the circulatory disturbance accelerates the necrotic change.
It was reported on the experiment of frog virus-3 that the endothelial cells were severely damaged parallel to the Kupffer cells, but the damage appeared earlier in the endothelial cells than in the hepatocytes (Gendrault et al. 1977 ). The degenerative changes of the hepatocytes were assumed to be accelerated by the endothelial destruction (Fiume 1975) . In the present study, the enlargement of the endothelial fenestrations was first found in the necrotic foci 48 hr after inoculation. The changes of the endothelial cells were, however, revealed after the alteration of the hepatocytes. The endothelial cells were so much destroyed that they barely remained as a mesh-work of microtubules. Then, the hepatocytes were exposed almost directly to the blood stream. The necrotic change of the hepatocytes is considered to have followed the endothelial destruction. Then the alteration of the endothelial cells seemed to accelerate hepatic necrosis in conspiracy with the circulatory disturbance.
From the TEM study, Grisham (1963) reported that cilia were rarely found in the epithelial cells of the bile duct in rats.
Motta and Fumagalli (1974) contrarily noted from the SEM study that the cilia were often seen in rats. However, the present author already mentioned, in the previous report, that epithelial cell of the bile duct has a single central flagellum (Oikawa 1979 ). Three possibilities have been proposed on the single cilium of the pancreatic islets of mice from the TEM study; (1) an embryologic remnant without any function, (2) a chemoreceptor, and (3) an agitator for the extracellular fluid with the result of increasing the transport (Munger 1958) . Concerning the central flagellum of the bile duct of rat, the first and the third interpretation described here were supported in general (Grisham 1963; Motta and Fumagalli 1975) . The central flagellum of the bile duct revealed the degenerative change showing fine granulations 48 hr after inoculation of MHV-2 in the present study. Later it became like a fibrillar net in consequence of the advanced degeneration. However, no virus particles could be found in the bile duct or in its epithelial cells. The flagellum was considered to be very sensitive to the pathogenic condition, while the microvilli of the biliary epithelial cells remained intact. The changes of the flagellum were induced possibly not directly by virus, but indirectly by the altered biliary fluid or the hepatocytic damage. •~ 6.000. •~ 2,400. 
